
Lecture 5

• Global navigation system structure – space segment, 

ground segment, user segment. Satellites orbits, 

frequency shifts, accuracy.

• Data coding and decoding. CDMA, method.

• Atmospheric errors, corrections, clock synchronization. 
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Global satellite navigation system

USA : GPS

Russia: GLONASS

Europe: GALILEO

China: COMPASS



GPS segments



Ground stations



Calculation of positions

If the error of time synchronization is only

The error in position determination will be

User clock

GPS clockpseudo-distance



Non-linear equations



Satellite orbits

Orbit period: 12 hours - 2 min (simplifies calculations)

Orbit radius: 26 560 km

Orbit eccentricity: 0.02

Min number of satellites: 24



On-board clocks

Cs/Rb atomic clocks (GPS)

H-maser (Galileo)



Disseminated frequencies

Above 2 GHz – beam antenna necessary

Below 100 MHz – ionospheric delays are huge!

Needs high bandwidth to transmit PRN codes!



Data coding

Carrier

Pseudo-random code



Uncertainties in GPS system: I 

Geometric dilution of 

precision GDOP



Uncertainties in GPS system: II

Effects of General Relativity



Uncertainties in GPS system: II

Effects of General Relativity
Transmitted

Received



Uncertainties in GPS system: III

Ionospheric delays

Index of refraction (phase velocity)



Uncertainties in GPS system: III

Index of refraction (phase velocity) Group  velocity

We get:

One can measure 

ionospheric delay



Uncertainties in GPS system: III

Without correction With correction

Tropospheric delays cannot be corrected (no dispersion)



Technical uncertainties:

Multipath propagation



Total uncertainty budget



Different acquisition methods



CDMA basics

vectors

product

Orthogonal set : Walsh matrices


